H
EPATOCELLULAR carcinoma (HCC) is one of the most common malignant tumors worldwide. Viral hepatitis B and C infections and cirrhosis are known risk factors. 1 Most patients are diagnosed as having HCC late and have underlying liver disease that often precludes effective treatment. These patients have a poor prognosis and most will live less than 1 year after diagnosis. 2 The diagnosis of HCC is usually suspected based on radiologic imaging studies, such as computed tomography (CT), magnetic resonance imaging (MRI), and in some cases, angiography. 3 Because of the vascular nature of these tumors, the radiologic findings are distinct. 4 However, the radiologic features are frequently obscured by coexisting cirrhosis with regenerative nodules or other benign tumors. The diagnosis may be established by fineneedle aspiration or biopsy or by significant and/or serial elevation of the tumor marker, ␣-fetoprotein (AFP). There is consensus in the liver transplant community that an AFP level greater than 500 ng/mL is diagnostic and a level greater than 250 ng/mL is highly suspicious for HCC in a patient with cirrhosis and a hepatic mass on radiologic imaging. 5 Seventy percent of HCC tumors secrete AFP. 6 Hepatocellular carcinoma can be classified into 3 types based on gross characteristics: nodular, massive, and diffuse. Histologic grade is based on cellular differentiation, and the World Health Organization (WHO) classification describes 5 distinct histologic types. 8 Growth patterns and histologic structure are known to affect prognosis. 9 Surgical removal, either with partial or total hepatectomy, represents the only potentially curable treatment. 10, 11 Unfortunately, surgical resection is precluded in most patients by tumor size, location, and/or underlying hepatic disease. 11 Systemic or intra-arterial chemotherapy have had little impact on this devastating disease. [12] [13] [14] Various types of local ablative therapies have been used for patients with unresectable HCC with some success. 15 Transarterial chemoembolization (TACE) is a form of local ablation that uses regional chemotherapy and localized infarction.
Despite the worldwide use of TACE for many years, the efficacy of this treatment is controversial. Nonrandomized studies evaluating TACE treatment have shown improved quality of life and survival, whereas randomized studies have not demonstrated a survival benefit. [16] [17] [18] [19] [20] [21] These studies have generally compared TACE treatment in heterogeneous patients with heterogeneous tumors. Importantly, the efficacy of TACE on specific tumor types is unknown. Herein, we report a comparison of TACE in patients with focal vs diffuse HCC.
RESULTS
From November 21, 1995, to May 2, 2001 , 157 consecutive TACE treatments were performed in 88 patients with unresectable HCC. Seven patients in the F-HCC group were transplant candidates at the time of TACE treatment. The mean follow-up for this trial was 939 days, with a range of 58 to 2047 days. Table 1 outlines the demographic and clinical characteristics of the 2 treatment groups. In the F-HCC group, 30 patients received 1 TACE treatment, 26 patients received 2 treatments, and 13 patients had more than 2 treatments. In the D-HCC 
PATIENTS AND METHODS
Consecutive patients who were diagnosed as having unresectable HCC or liver transplant candidates with suspected HCC who met the criteria for TACE treatment were included in this prospective comparison trial. The diagnosis of HCC was based on histologic evidence and/or radiologic imaging with a serum AFP value greater than 250 ng/mL. The diagnosis of HCC was confirmed histologically in 75 of 88 patients before TACE treatments. A biopsy was not performed in transplant candidates for fear of tumor seeding or in patients at increased risk for complications from this procedure. The HCC was confirmed in the explanted liver on the 5 patients who underwent liver transplantation at our center.
Tumors were classified based on gross radiologic findings. Unlike the classic gross classification, we stratified tumors into 2 distinct groups: focal (F) or diffuse (D). Patients with nodular or massive HCC were considered to have F-HCC, whereas those with diffusely infiltrating or multifocal (Ͼ3) tumors were classified as having D-HCC. Patients were considered to have AFP-secreting tumors if the baseline AFP value was greater than 50 ng/mL. This AFP baseline value was selected because of the high prevalence of viral hepatitis and cirrhosis in our patients.
Pretreatment evaluation consisted of the following: (1) medical history, (2) complete physical examination, (3) laboratory studies to assess renal, hematologic, and liver function, (4) serum AFP value, (5) assessment of portal vein patency by ultrasonography and CT or MRI scan, (6) hepatitis serologic testing, and (7) These criteria are based on our experience 22 and did not always correspond with the Child-Pugh C classification.
Before treatment, visceral angiography was performed to assess the arterial blood supply to the liver and confirm portal vein patency. Selective catheterization was achieved and a mixture of doxorubicin hydrochloride (50 mg), cisplatin (100 mg), mitomycin (20 mg), and ethiodized oil (Ethiodol; Savage Laboratories, Melville, NY) was infused followed by embolization with polyvinyl alcohol particles (Ivalon; Unipoint, High Point, NC). For patients
WWW.ARCHSURG.COMgroup, 15 patients received 1 treatment, 2 received 2 treatments, and 2 patients were treated 3 times. Transarterial chemoembolization was technically successful in all patients. Most patients in the F-HCC group tolerated the TACE procedure without serious adverse effects. Twelve readmissions (9%) in the F-HCC group were related to the complications of the procedure, which included fever, nausea, vomiting, abdominal pain, and anorexia. These complications were transient, and 11 patients were treated with supportive care, whereas 1 required an operation for ischemic cholecystitis. One patient in the F-HCC group died 10 days after the second TACE procedure owing to portal vein thrombosis. Angiography confirmed the patency of the portal vein just before TACE; however, within days she developed progressive liver failure. Ultrasonography revealed thrombus in the portal vein. In the D-HCC group, the readmission rate was significantly greater (44%) and due to decompensated liver function, resulting in refractory ascites, variceal hemorrhage, encephalopathy, coagulopathy, and hepatorenal syndrome. Two patients (Child-Pugh C) died from liver failure within 1 month, and 1 patient (Child-Pugh B) with bilobar disease died from tumor rupture in the untreated lobe 1 month following the initial TACE treatment.
The comparisons of clinical outcomes following TACE are summarized in Table 2 . Five patients with F-HCC underwent liver transplantation at our center after a mean waiting time of 267 days following the first TACE treatment. Four transplant recipients are alive without evidence of recurrent HCC at a mean follow-up of 841 days (range, 104-1777 days). One recipient died from the sepsis 3 days following the transplantation. Two other patients with F-HCC underwent transplantation at another center and were lost to follow-up. Five patients in the F-HCC group had surgical resection following TACE. These patients were not candidates for resection before TACE because of tumor size and proximity to major vascular structures. Following TACE, there was a reduction in tumor size, rendering them eligible for surgical resection. Patients who had undergone liver transplantation or surgical resection were excluded from the survival analysis. Eight patients (7 with F-HCC and 1 with D-HCC) were lost to long-term follow-up.
COMMENT
Hepatocellular carcinoma is a leading cause of morbidity and mortality worldwide. It is associated with cirrhosis in 60% to 90% of patients and most prevalent in regions with a high seroprevalence of hepatitis B virus infection. 1 More recently, the relationship between HCC and hepatitis C virus infection has been recognized. 23 As a result of the current hepatitis C epidemic, HCC is becoming increasingly common in the United States. 24 Hepatocellular carcinoma is the most common malignancy seen at our liver disease center, which is located in a large, urban region with an ethnically diverse population. In our study, 76 (86%) of 88 patients had cirrhosis, and 77 (88%) had hepatitis B and/or C infections. Most patients were older than 60 years, and there was a 2.6:1 prevalence in men.
The evaluation and diagnosis of HCC are becoming more standardized. Current radiologic techniques can detect these vascular tumors with a high degree of sensitivity and specificity. The presence of an elevated AFP value raises the suspicion for HCC. Unfortunately, hepatic inflammation and regeneration will also increase AFP levels, 25 and thus the level of AFP needed for diagnosis is unclear. We obtained AFP levels in all patients and found that 79 (90%) of 88 had levels greater than 10 ng/mL. However, only 58 patients (66%) had levels greater than 50 ng/mL, and 51 (58%) had levels greater than 100 ng/mL. The clinical triad of a hepatic mass, viral hepatitis and/or cirrhosis, and an AFP level greater than 250 ng/mL is diagnostic of HCC. Histologic confirmation is no longer essential for all patients with HCC before treatment. In fact, a fine-needle biopsy may be contraindicated in patients who are candidates for liver transplantation or surgical resection.
Tumor histologic grade and type are known to affect prognosis. 8 Seventy-five (85%) of our patients had histologic confirmation of HCC, and most of these patients had well-differentiated or moderately differentiated tumors. Because numerous patients had fine-needle aspirates at outside institutions, assessment of histologic grade and type was not consistent. Thus, we did not correlate these variables with clinical outcome.
The gross classification of HCC in most patients is based on radiologic findings. We included patients with nodular and massive HCC in the F-HCC group since these tumors, regardless of size, represented focal lesions distinct from the surrounding liver parenchyma. The mean with bilobar HCC, sequential TACE treatments were performed at 1-to 2-month intervals.
PatientswerehospitalizedfollowingTACEuntiladverse effects were controlled with oral medications. After discharge from the hospital, patients were seen in the outpatient clinic weekly for 1 month and then monthly. Posttreatment evaluation consisted of an adverse symptomsquestionnaire,physicalexamination,andbiochemical studies to assess for hepatic, renal, and hematologic function during their hospital stay and outpatient clinic visits. The AFP value 1 month following TACE was compared with the baseline value. The AFP responders were defined as those who had a 25% or greater decrease in AFP value during this interval. Follow-up radiologic imaging was performed at 6 and 12 months and compared with baseline studies. Additional TACE treatments were performediftherewasevidenceoftumorgrowth,denovo tumors identified, or a progressively increasing AFP.
Clinical outcomes, including AFP response, length of stay, readmission rate, complications, and survival (mean, actual 1 year, and actual 2 year), were monitored and analyzed. Comparisons between the F-HCC and D-HCC groups were made with the 2 test for categorical variables, Fisher exact test for binary variables, and t test (2-tailed, unpaired) for continuous numerical variables. All tests of significance were 2-tailed with a significance level of .05. Most patients with HCC are not candidates for surgical resection and potential cure. Local ablative treatment modalities have been developed to control HCC without the need for major surgical intervention. Transarterial chemoembolization is one such treatment that has been used for many years, particularly in Asia. 27 The advantages of TACE include being readily available and minimally invasive. However, the efficacy of TACE remains controversial because of the discrepancy between randomized and nonrandomized studies. These studies evaluated the clinical benefit of TACE in heterogeneous patients with heterogeneous tumors. [16] [17] [18] [19] [20] [21] We evaluated the outcomes of TACE in 2 groups of similar patients with different gross tumor characteristics.
The clinical results of this study demonstrate the significant risks and lack of benefits from TACE in the D-HCC group. None of the patients with D-HCC lived more than 10 months, and all died of tumor progression and hepatic failure. Clearly, these patients had more advanced liver disease even though 78% had Child-Pugh class A or B disease. Because of the extent of tumor burden and distribution, we believed that patients with D-HCC were not candidates for local ablation (eg, radiofrequency ablation, cryosurgical ablation, or percutaneous ethanol injection therapy) with the exception of TACE. Although the risk of liver failure and subsequent death in patients with cirrhosis who undergo TACE is well known, we believed that TACE was the only potentially effective treatment option for these patients. 19 However, our data demonstrate the significant morbidity and mortality associated with TACE in patients with D-HCC. It is our belief that in patients with D-HCC the tumor burden and hepatic function impairment are often underestimated. We believe a 16% mortality for a palliative procedure is unacceptable, and thus we currently do not advocate TACE in patients with D-HCC regardless of Child-Pugh score. Furthermore, we are unaware of any effective treatment modality for these patients.
In patients with F-HCC, TACE was well tolerated, and only 1 (1%) of 69 patients died (of liver failure) following a second treatment. One patient developed ischemic cholecystitis following TACE to the right lobe of his liver and required a cholecystectomy. Otherwise, adverse effects were related to the procedure and were transient and easily managed. The survival in patients with F-HCC was significantly better than in patients with D-HCC. Approximately one third of patients with F-HCC were alive 2 years following TACE without any other treatment modality. These data compare favorably with published reports on the natural history of HCC in untreated patients. 2 Importantly, 7 patients with F-HCC eventually underwent complete hepatectomy and orthotopic liver transplantation. Five of these patients underwent transplantation at our center after a mean waiting time of 267 days (range, 149-443 days) following TACE treatment. Four of these 5 patients recovered from the transplantation, and none of them have developed recurrent HCC. Given the shortage of donor organs and the protracted waiting time, TACE is an important treatment modality to help control tumor growth in patients with HCC who are awaiting liver transplantation.
In conclusion, tumor characteristics are important criteria for successful TACE. Transarterial chemoembolization is efficacious in patients with F-HCC regardless of tumor size, provided patients have adequate hepatic reserve. However, there is no apparent clinical benefit of TACE in patients with infiltrating or multifocal (Ͼ3 tumors) HCC. The morbidity and mortality associated with TACE in patients with D-HCC are substantial and should be avoided. viewing what is essentially a nonsurgical procedure. I am reminded of Dr Richardson's presidential address yesterday about the so-called cognitive specialties vs the surgical specialties. If one reviews the world literature on chemoembolization, you will find that the most critical and analytical assessments of this procedure have been done by surgeons. Our medical colleagues in the so-called cognitive specialties have addressed such profound questions as whether it is important to add cisplatinum or mitomycin to the chemotherapy cocktail, whether we should use Ivalon sponges or little metal coils vs big metal coils for the embolization part of the procedure, while the surgeons are left to address such simple and humble questions as, is it safe, and does it work?
So what have we learned from Dr Lopez's presentation? First, proper patient selection is absolutely crucial to avoid complications and deaths. The selection parameters and exclusion criteria outlined in their presentation and in his manuscript are absolutely essential to avoid excessive morbidity and treatmentrelated deaths.
Secondly, patients with diffuse or multifocal hepatocellular carcinoma are poor candidates for local or regional therapies and should not undergo chemoembolization. No surprise there.
Thus I have 3 questions that are directed at the group of patients with focal hepatocellular carcinoma. First, what were your treatment end points? Our experience with a similar group of patients was recently published, and we found that the patients with the most sustained and durable responses were the ones with tumors less than 4 cm in size and who had undergone at least 4 or more chemoembolizations per tumor. Thus, can you tell us if there were any differences in response rates or survival among the patients with focal hepatocellular carcinoma based on differences in their chemoembolization treatments? Secondly, several of your patients had transplants or resections after chemoembolization. You mentioned that extensive necrosis was seen in some of the transplant specimens. In our experience we have found that the degree of response to chemoembolization may be a prognostic predictor for survival and disease-free intervals in patients who have undergone chemoembolization. I was wondering if you could give us any update on that information.
Finally and from a very clinical perspective, when I am in the clinic with my residents and I see these patients come in, I go through this elaborate algorithm of decision making. I decide whether or not they are candidates for surgical resection, candidates for transplant, and, if not, then I am left with the majority of patients as you mentioned who may be candidates for some locoregional ablative form of therapy. And now I have choices between chemoembolization, radiofrequency ablation, ethanol ablation, and I was wondering in your review of these patients if you can give us some insight in terms of the decision-making algorithm or the decision-making tree you go through and how chemoembolization plays or does not play in the role with these other ablative modalities.
Theodore X. O'Connell, MD, Los Angeles, Calif: I thought this was a good paper, but I have several problems with the conclusions drawn. Because it is not randomized and prospective and really has no controls, it is very difficult to come to the conclusions that Dr Lopez has. There is no doubt that it is terrible to have diffuse hepatocellular carcinoma (HCC), and any kind of treatment is probably not very worthwhile. But that is not really proven by the paper because you don't have a group with no treatment controls in those with the diffuse hepatocellular carcinoma. On the other side, Dr Lopez came to the conclusion that TACE is good for focal HCC, but again it is very hard to draw that conclusion unless you have a control group with no treatment to prove that TACE is better than the no treatment control. Certainly in the studies done around the world when it was done in a randomized prospective way, there (REPRINTED) ARCH SURG/ VOL 137, JUNE 2002 WWW.ARCHSURG.COM
